A goal-setting approach was used to examine the ways in which different goals influence the performance of 69 brain-damaged (BD) patients in an arithmetic task. Patients were equally assigned to two conditions: one in which a specific, high goal was set, and one with a ''do your best'' goal. Statistical analyses indicated that patients with a specific, high goal performed significantly better than patients with a ''do your best'' goal. No clinical or neuropsychological variables (e.g., time since onset of illness and memory function) were found to have a moderating influence on the effect of goal setting. These results indicate that even BD patients with cognitive and executive dysfunctions can efficiently self-regulate their behavior after the assignment of a high, specific goal in an easy laboratory task. D
Introduction
Motivational deficits (i.e., apathy, loss of interest, and initiative) are recognized as a significant clinical problem following closed head injury (CHI; e.g., Prigatano, 1992) , cerebral vascular accident (CVA; Starkstein, Fedoroff, Price, Leiguarda, & Robinson, 1993) , and neurodegenerative disorders (Sultzer, Levin, Mahler, High, & Cummings, 1993) . Prigatano (1992) , for example, listed in his review 25 commonly reported personality disturbances in traumatic brain injury (TBI) patients. Motivational disorders (e.g., aspontaneity, adynamia, and loss of interest) comprised a major group of impairments after brain injury. In a follow-up study, Thomsen (1989) and Thomson (1984) investigated 40 severe TBI patients for several years (i.e., 4-5 months, 2.5 years, and between 10 and 15 years postinjury) and reported that complaints of restlessness, irritability, and aspontaneity showed only a slight change, with about a 10% increase in reported frequency. Reports of tiredness, lack of interest in the environment, and sensitivity to distress substantially worsened with time, with estimates of increase varying between 22% and 40%. The findings of Oddy, Coughlan, Tyerman, and Jenkins (1985) are also informative in this regard. Oddy et al. questioned relatives of TBI patients 6.5-7.8 years postinjury. The frequency of tiredness and losing interest in the environment appears consistent with the findings of Thomsen and Thomson. Due to the importance of motivational deficits, it is a challenge for rehabilitation specialists to develop behavioral and pharmacological interventions with which the motivation of braindamaged (BD) patients can positively be influenced. To be more precise, it would be helpful to develop interventions with which the intensity and persistence of the behavior of BD patients can be increased.
Although there has been considerable clinical debate about the importance of motivation for neurorehabilitation (e.g., Al-Adawi, Powell, & Greenwood, 1998; Mutchnick, 1988) , only a few intervention studies have been published so far (e.g., Gauggel, Wietasch, Bayer, & Rolko, 2000; Powell, Al-Adawi, Morgan, & Greenwood, 1996; Stoicheff, 1960; Sturm & Büssing, 1982) . In an open trial, Powell et al. (1996) , for example, investigated the effects of bromocriptine, a D2 dopamine receptor agonist, on deficits in clinical motivation, responsiveness to reward, and frontal cognitive function in 11 patients with brain injuries. Bromocriptine treatment improved scores of cognitive and motivational measures but not scores of mood questionnaires. Improvement was maintained after bromocriptine withdrawal in eight of the patients.
In contrast to this pharmacological study, Gauggel et al. (2000) applied a feedback intervention to influence the reaction time performance of BD patients. Negative feedback led to significantly shorter RTs in BD patients and even BD patients with high depression scores were affected by negative feedback. To explain their findings, Gauggel et al. made use of Kluger and DeNisi's (1996) feedback intervention theory, which states that people respond to a standard-feedback discrepancy (i.e., negative feedback) and try to eliminate perceived standard-feedback discrepancies.
Although both studies provide evidence for a successful application of pharmacological as well as behavioral intervention, there is a further behavioral technique (i.e., goal-setting technique) with which the intensity of behavior can positively be influence (Latham, 1990; Locke & Latham, 1990) . Research with the goal-setting technique, a commonly applied motivational tool in industrial and organizational psychology, has repeatedly shown that people who try to attain specific and difficult goals perform better on a task than people who strive for specific but moderate or easy goals, vague goals such as ''do your best,'' or no goals at all (see Locke & Latham, 1990 for a review). According to the formulations of the goal-setting approach, managers have to set specific, hard goals instead of unspecific ''do your best'' goals to increase the performance of team members. In support of these assumptions, more than 400 laboratory and field studies with more than 40,000 participants documented consistently that hard goals lead to higher performance levels than easy goals, and specific, hard goals produce higher performance levels than less specific goals (such as ''do your best'') or no goals (Locke & Latham, 1990) .
The purpose of this paper was to investigate whether the goal-setting technique can successfully be applied in a sample of BD patients with mild to moderately severe cognitive and motor impairments. To test this hypothesis, we assigned a specific, difficult goal in a pretest-posttest design to a group of BD patients and an easy goal to another group of patients. Provided that the patients commit to the assigned difficult goal, we assume that patients with the difficult goal will perform significantly better than patients with an easy goal. Such an assumption seems justified because there is an overwhelming evidence for the effectiveness of this motivational tool in the organizational and industrial domain. In addition to this hypothesis, we assume that since the goal-setting effect seems so robust, cognitive impairments should have little or no moderating effect on goal setting in BD patients.
Method

Participants
Sixty-nine BD patients consecutively admitted to two different freestanding rehabilitation hospitals following cerebral vascular accident, closed head injury, or other etiologies (i.e., hypoxia and brain tumor) were investigated. Criteria for exclusion were (1) a severe language disorder, (2) a marked central visual field deficit, (3) a unilateral visual neglect, (4) overt motor deficits in both (or sole remaining) hands, (5) deficits in number processing, and (6) being under 16 or over 65 years of age. Exclusion criteria were determined on the basis of a neurological examination, which was performed by a neurologist immediately after admission to the hospital.
Patients used the preferred or nondisabled hand if a motor deficit was present in the preferred one to perform the computer-assisted arithmetic task. Hand preference was determined with the Edinburgh inventory (Oldfield, 1971) . Six (9.2%) of 65 right-handed patients could not be tested with their preferred hand. However, patients who used their nonpreferred hand were equally distributed over the conditions.
Patients were randomly assigned to two groups with almost equal numbers of patients in each group after it was determined that they were suitable for inclusion in the study: One group of 35 (23 m/12 f) BD patients received a ''do your best'' goal (BD À ). The other group of 34 (21 m/13 f) BD patients received a specific and high goal (BD+). The BD+ included 11 patients with a closed head injury, 20 patients with a cerebrovascular accident, 2 patients with a brain tumor, and 1 patient with hypoxia. The BD À included 10 patients with a closed head injury, 22 patients with a cerebrovascular accident, 2 patients with a brain tumor, and 1 patient with hypoxia. Thirty-nine (56.5%) patients were recruited from the first rehabilitation hospital (BD À : N = 21, BD+: N = 18) and 30 (43.5%) patients were assessed in the second hospital (BD À : N = 14, BD+: N = 16).
According to institutional guidelines, all patients gave informed consent. None of the patients was paid for participating in the study. A summary of demographic and clinical characteristics of the two groups is presented in Table 1 .
Statistical analyses revealed no difference in age, education, or mood between the two groups. There was also no difference in time since onset of illness and self-efficacy. These findings indicate that the groups are almost equivalent in regard to important variables.
Neuropsychological assessment
Among the patients, an assessment of intellectual functioning, memory, attention, arithmetic abilities, and mood was carried out to provide an estimate of the cognitive impairment. Neuropsychological assessment occurred immediately before the experimental investigation, commonly within the first 2 weeks of being admitted to the rehabilitation hospitals. Assessment included a short form (Sturm & Willmes, 1983) of the Performance Test System (PTS), a common German intelligence test (Horn, 1983) . The short form of the PTS consists of six subtests: Vocabulary, Abstract Reasoning, Verbal Competence, Spatial Table 1 Demographic and clinical characteristics of BD with a high, specific goal (BD+) and a ''do your best'' goal Thinking, Visual Interference, and Word Recognition. In addition, the Verbal Fluency subtest of the PTS was performed because it is a good indicator of executive functions. For each subtest, t scores were determined and used for further analyses.
Memory functions were tested with the Auditory Verbal Learning Test (AVLT; Lezak, 1995) . The score for each trial is the number of words correctly recalled. The total score (i.e., the sum of Trials I-V) was used. Potential scores range from 0 to 75. For the assessment of attention, three of seven subtests of the Attention Test Battery (TAP; Becker, Sturm, Willmes, & Zimmermann, 1996) , a commonly used computer-assisted German attention battery, were selected. The three selected subtests measure specific aspects of attention, especially phasic and tonic alertness (Posner & Petersen, 1990) . Tonic alertness is the ability to maintain a general receptivity to stimulation, whereas phasic alertness refers to phasic changes in provoked receptivity (for example, by a warning signal). For each subtest, percentile ranks were determined and used for further analyses.
Arithmetic abilities were screened with 20 easy arithmetic problems (addition, subtraction, division, and multiplication of one to three digits). Participants with more than two errors in this screening were not included into this study. To assess executive functions (i.e., problem solving, planning, and self-control), a recently developed ''executive function'' rating scale was used (Gauggel, Deckersbach, & Rolko, 1998) . The executive function rating scale consisted of a 12-item, 3-point Likert-type self-report questionnaire and a 24-item, 3-point Likert-type rating scale, which was filled out by the attending neuropsychologist. A maximum score of 48 could be reached, indicating severe problem-solving and planning deficits. The maximum score for the self-report questionnaire was 24.
In addition, all participants were asked to fill out the Center for Epidemiological StudiesDepression Scale (CES-D; Radloff, 1977) and a self-efficacy questionnaire (Schwarzer, 1994) . The CES-D is a self-rating depression questionnaire asking primarily for emotional and psychological aspects of depression. For each participant, the raw score was determined and used for further analyses. Potential scores range from 0 to 60. Higher scores correspond to higher levels of depression and a cutoff point of 17 is regarded as a good indicator of a depressive disorder (Radloff, 1977) . Self-efficacy was assessed with a 10-item, 4-point Likert-type questionnaire (Schwarzer, 1994) . A maximum score of 40 could be reached in this questionnaire for high self-efficacy. No significant group difference was found with respect to intellectual functioning, memory, executive functions, and attention. However, there was a significant difference in Word Recognition (t = 2.3, P < .026), indicating that BD+ scored lower in this subtest of the PTS compared to BD À . Due to the relatively small sample size, the heterogeneity of the BD patients, and the fact that no a adjustment was performed, a significant group difference was very likely (Hsu, 1989) . This was considered in the analysis and interpretation of the results. Nevertheless, the results indicate that both groups were quite similar on most variables.
Procedure
After the neuropsychological assessment, all participants were tested individually in an 1-h session. They were told that the purpose of the study was to examine concentration and speed of reactions in a computer-assisted arithmetic task. No further information was provided.
During the arithmetic task, patients were seated approximately 50 cm in front of a computer screen (14 in. VGA monitor, 640 Â 480 pixels). They were told that the task was to solve as many arithmetic problems as possible during intervals of 2 min. Arithmetic problems consisted of adding single-digit numbers from 1 to 9 (e.g., 5 + 3). Digits were 3 Â 5 cm in size with a 1.5 Â 1.5 cm plus (+) sign between them and were presented below each other in the middle of the screen.
When an arithmetic problem appeared, participants had to solve it mentally as fast as possible and then immediately register the answer by typing it with the preferred hand into a computer keyboard located in front of them. Immediately after entering the solution, the digits disappeared and the next problem was presented. After initial instructions, a 2-min practice block was given. Thereafter, six blocks (lasting 2 min each) followed.
Goal setting
Immediately after each of the first three blocks, all participants received feedback about their performance (i.e., average number of correct and false solutions). After the third block, all participants were informed about their overall average performance for the three baseline blocks. In addition to this feedback, a specific, high goal was assigned to one group of BD patients (BD+). Findings from a previous study were used to establish the difficult goal (Gauggel et al., 2000) . Goals were set as a numerical value based on the number of correct solutions during the individual's baseline performance.
The following instruction was presented in the middle of the screen: ''During the last three blocks you on average correctly solved . . . problems per block. Now, we want you to improve your performance 20%. This means that you should calculate . . . additional problems receiving an average number of . . . correct solutions per block.'' After a short break, the remaining three blocks followed. If the goal was reached in one of the following three blocks, they were told to reach a new high (further 20% improvement) and specific goal. Participants who did not reach the assigned goal were informed of this and were encouraged to reach the goal during the following block. In contrast to the specific, high goal, the other group received a ''do your best'' goal. In the ''do your best'' condition, the participants were just told to solve as many problems as possible during each block. Immediately after each of the three blocks, all participants received feedback about their average performance.
Goal commitment
After the three baseline blocks and the last block of the arithmetic task, all participants in the BD+ group completed a 7-item, 5-point Likert-type self-report questionnaire on goal commitment (Hollenbeck, Klein, O'Leary, & Wright, 1989) . A maximum score of 35 could be reached in this questionnaire for total commitment to the assigned goal. The coefficient a was .79. Participants in the BD À group also completed a 7-item, 5-point Likert-type questionnaire but instead of asking for commitment and personal goals, they were asked about their attitudes towards computers to prevent implicit goal setting.
Data analysis and statistical methods
The numbers of correct and false solutions were used as dependent variables for statistical analysis. Following a recommendation by Sheeber, Sorensen, and Howe (1996) , an analysis of covariance (ANCOVA) was performed to analyze the data of our pretest-posttest design (see also Huck & McLean, 1975; Stevens, 1990 for similar recommendations). The mean number of solved problems on the three baseline blocks was used as a covariate in the ANCOVA. Conceptually, the ANCOVA can be understood as an analysis on the residualized posttest scores, which allows to examine what the group would look like at posttest if there were no differences at pretest (Sheeber et al., 1996) . ANCOVA maximizes the statistical power of the test and reduces experimental error.
For the ANCOVA, the GLM procedure from the SAS software package was used. In addition to the ANCOVA, effect sizes (ES; d) were calculated from adjusted posttest mean values for both conditions according to Cohen (1988) in order to get an estimate of the influence of goal setting.
Results
Goal commitment
Because of a misunderstanding by the experimenters of the instructions from the senior author, only 22 of 34 participants in the BD+ received the commitment questionnaire. Goal commitment was high and stable for the BD+ group (immediately after goal setting: M = 23.8, S.D. = 7.2; after the last block: M = 22.5, S.D. = 7.1).
Accuracy
For each participant, error rates were calculated for the three baseline blocks and for each of the three posttest blocks (see Table 2 ).
Both groups performed the arithmetic task with a very low overall error rate [M = 3.2% (S.D. = 2.5)]. On average, the error rate in the baseline blocks was 3.0% (S.D. = 3.3) for BD+ and 3.8% (S.D. = 3.9) for BD À group. In the three posttest blocks, the average error rate was 3.2% (S.D. = 3.7) for BD+ and 2.9% (S.D. = 2.7) for BD À .
To test for posttest differences, an ANCOVA with the mean number of solved problems on the baseline blocks as a covariate confirmed the impression given by visual inspection of the error rates. There was no overall group difference [ F(1,65) = 0.0, P=.99], indicating that the two groups did not show different error rates in the posttest blocks. Due to the low error rates and the nonsignificant group effect, errors were not considered in further analysis.
Correct solutions
A further ANCOVA was performed to see whether patients with a specific, difficult goal calculated more correct solutions than patients with a ''do your best'' goal. This ANCOVA revealed a significant overall group difference [ F(1,66) = 6.61, P =.01]. In further post-hoc analyses, a nearly significant group difference for Block 4 [ F(1,66) = 3.69, P =.059] and a significant group difference for Block 5 [ F(1,66) = 12.5, P < .001] but no significant group difference for Block 6 [ F(1,66) = 1.25, P =.27] could be found. Adjusted mean values (with Table 2 Number of correct solutions, number of errors, and percentage of errors separated for BD patients with a high, specific goal (BD+) and a ''do your best'' goal (BD À )
Number 1.3 (1.5) 1.7 (1.4) (%) 3.0 (3.3) 3.8 (3.9) Block 4 (error)
1.6 (2.2) 1.5 (2.6) (%) 3.2 (4.2) 2.8 (4.7) Block 5 (error) 1.3 (1.8) 1.9 (2.6) (%) 2.7 (4.3) 3.5 (4.1) Block 6 (error) 1.8 (2.6) 1.2 (1.9) (%) 3.9 (5.9) 2.5 (4.1) .8), and 52.1 (1.1), respectively. These results indicate that patients with a specific, difficult goal calculated significantly more correct solutions than participants with a ''do your best'' goal. Effect sizes for the difference between the adjusted mean values of BD+ and BD À for each of the three posttest blocks were d=.48, .85, and .27, respectively. Fig. 1 depicts the adjusted mean values for both groups for each of the three posttest blocks. As can be seen for Fig. 1 , 11 patients in the BD+ reached the assigned goal in the block immediately following goal setting (i.e., Block 4), whereas only three patients in the BD À showed a 20% performance increase in the fourth block.
Moderating effects of cognitive impairments
Due to the fact that several BD patients showed obvious cognitive impairments, the question arises as to whether goal setting is influenced by these deficits or by other important clinical characteristics. To answer this question, moderated multiple regression analyses (Stone & Hollenbeck, 1987) were conducted. In the reduced model, performance (i.e., correct solutions) was regressed on the potential moderator variable of interest (e.g., memory and attention) and assigned goal level (i.e., ''do your best '' vs. high, specific) , whereas the full model also included the interaction of goal level and potential moderator as a predictor. A significant change in the squared multiple correlation between regression models is evidence for moderation. Table 3 shows the results of the moderated regression analysis.
Results indicated no support for the hypothesis that cognitive impairments or other clinical characteristics had moderating effects on performance in the arithmetic task. Neither cognitive functions nor mood or time since onset had a significant influence on performance.
Discussion
The significant overall group difference supports the findings from the industrial and organizational psychology literature in that participants with specific, hard, or challenging goals outperform BD patients with ''do your best'' goals in a simple laboratory task (Locke & Latham, 1990; Mento, Steel, & Karren, 1987) . The specific, hard goal was attained on average by 10.7 (31.4%) patients in the BD+ and can therefore be regarded as quite challenging (Locke, 1991) . In contrast, on average, only 6 (17.1%) patients in the BD À showed a 20% performance increase in the three posttest blocks. This goal-setting effect is difficult to explain by differences between the two groups because they were similar enough on most variables and also in the baseline performance of the experimental task. However, since there was a significant difference in the Verbal Recognition subtest of the PTS (BD+ performing significantly worse than BD À ), this can be almost ruled out as an explanation by showing that cognitive test performance had no moderating influence on goal setting. Moreover, even after excluding all patients with a t score lower than 45 in the Verbal Recognition subtest, there still was a significant group difference.
Another interesting result of our study was that we found no moderating influence of cognitive and executive dysfunctions on performance. Additionally, neither mood nor time since onset of illness seemed to have a moderating effect on performance. This finding is surprising and rises the question why even patients with executive dysfunctions do respond positively to the assigned difficult goal? Clinical reports and experimental studies have consistently shown that such patients have severe problems in self-regulation, planning, and problem solving. In very severe cases, they are even unable to initiate simple activities (Habib & Galaburda, 1998 ). An explanation might be that the task was quite simple and that patients had not to self-set a goal. Due to the assignment of the goal, no planning and problem solving were needed. However, another explanation might be that patients with severe executive dysfunctions could not be assessed and were therefore not included in this study. Due to the requirements of this study, only patients with cognitive impairments that ranged in severity from mild to moderate could be included. In addition, the reader should also keep in mind that the missing moderating influence of executive dysfunctions could be the result of the specific way in which executive dysfunctions were assessed in this study. One could speculate that the results would be different if objective, nonverbal measures such as the Halstead Category Test or the Wisconsin Card Sorting Test were used.
There is another important finding in our study. Due to the fact that we used multiple blocks, we were able to examine the goal-setting process over multiple-task blocks in order to understand how initial goals and feedback (i.e., goal discrepant performance feedback) influence subsequent behavior (Kernan & Lord, 1988) . Evidence from previous studies indicated that both goals and performance feedback are necessary for performance increments to occur (Bandura & Cervone, 1983; Erez, 1977) . In our study, performance increment was relatively stable over the three posttest blocks in the BD+. There was much more performance variability in the BD À , with a slight increase from the first to the third posttest block. Such an increase in performance in the BD À is not uncommon and can reflect practice effects as well as implicit goal setting (Locke & Latham, 1990 ). Especially in calculation task, it is easy to follow the performance and to change one's own goals during testing.
Taking into consideration methodological weaknesses, the findings of the present study provide evidence that assigning a high, specific goal leads to a better performance than the assignment of an easy goal in BD patients. Our study, therefore, provides support for a successful application of the goal-setting approach to the field of neuropsychology. Clearly, further research is needed, which has to replicate our findings using different experimental or real life tasks.
